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(57) ABSTRACT

The barrel type susceptor for use 1 the semiconductor
epitaxial growth 1s characterized in that a face plate 5 of a
susceptor main body 2 having the shape of a truncated cone
1s partitioned into two or more in a longitudinal direction
thereol, each partition being provided with a waler mount-
ing concave portion 6a, 6b, 6¢ on which a water 1s laid, and
the inclination angle Oa, Ob, Oc of a bottom face 6qa,, 66, 6¢,
ol the concave portion for each partition to the vertical line
1s gradually decreased in each partition from the upper part
to the lower part.
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1
BARREL TYPE SUSCEPTOR

The present mnvention claims foreign priority to Japanese
patent application no. 2003-425596, filed on Dec. 22, 2003,
the contents ol which 1s incorporated herein by reference.

BACKGROUND OF THE PRESENT
INVENTION

1. Field of the Present Invention

The present invention relates to a barrel type susceptor for
use 1n an epitaxial growth, and more particularly to a barrel
type susceptor in which inclination angles of a bottom
surface ol a waler mounting concave portion 1s changed
with positions 1n a height direction.

2. Description of the Related Art

Generally, an epitaxial apparatus 1s used for manufactur-
ing an epitaxial wafer. As the epitaxial apparatus, a barrel
type susceptor 1s mostly emploved.

A conventional barrel type susceptor 61 has a susceptor
main body 62 having a shape of a hollow polygonal trun-
cated cone (e.g., pentagonal, hexagonal, heptagonal and
tetragonal truncated cone), a polygonal top plate 63 pro-
vided on a top of the susceptor main body 62 so as to
suspend the susceptor main body 62, and an polygonal
bottom plate 64 provided on the bottom to shield a gas tlow,
as shown 1n FIG. 8.

The susceptor main body 62 1s made of a carbon member
coated with S1C, and cut out of special carbon structural
material, or formed 1n 1ts configuration by mtegrally attach-
ing eight high trapezoidal face plates to a top plate and a
bottom plate. On each planar face plates 65 of the susceptor
main body 62, a plurality of wafer mounting concave
portions 66a for mounting a semiconductor water W are
aligned 1n a longitudinal direction. Also, a bottom face 66a,
of the water mounting concave portion 66q 1s provided at a
constant inclination angle 0d of 0° to 5° to the vertical axis.

When an epitaxial water 1s produced, employing this
conventional barrel type susceptor and an epitaxial appara-
tus 70 as shown in FIG. 9, a waler Wa on the uppermost
stage ol the susceptor and a water Wc on the lowermost
stage have a greater film thickness, and a water Wb on the

middle stage has a smaller film thickness. Accordingly, a
uniform film thickness distribution was not obtained within
the water and batch. The film thickness distribution 1s
controlled by changing a temperature distribution in the
epitaxial growth. However, even though the uniform film
thickness 1s obtained by changing the temperature distribu-
tion, at the same time, the umiformity of the resistivity 1s
made worse. Therefore, the temperature distribution cannot
be changed.

Moreover, as a method for improving the uniformity of
the film thickness distribution while keeping the temperature
distribution uniform from the uppermost stage of the sus-
ceptor to the lowermost stage, there 1s a method of changing
a flow rate of a source gas. This 1s the method 1n which the
flow rate near a gas introduction portion 1s changed by
shifting a position of a gas introduction nozzle upwardly or
downwardly. However, this method can apply 1n a case that
the thickness on the uppermost stage or the lowermost stage
1s thick. In this case, the uniformity of the film thickness
distribution 1s improved. The film thickness distribution
obtained by this method 1s shown 1n FIG. 7, in which there
1s a limited dispersion with the conventional barrel type
susceptor. When adopting this method, for producing high
quality productions, a method for decreasing the dispersion
within the batch by reducing the number of stages for
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mounting the water 1s adopted. Accordingly, productivity 1s
lower 1n the conventional method.

Referring to Japanese Patent Unexamined Publication no.
JP-A-6-151339, paragraphs 0014, 0015 and 0018, and FIG.
1, a barrel type susceptor has been proposed which has the
susceptor main body and removable waler arranging parts.
In the proposed susceptor, the angle of a reaction gas acting
on the wafer 1s changed in accordance with the wafer
arranging parts having appropriately different shapes at the
time of an epitaxial growth process or every time of the
process to improve the crystalline of the epitaxial layer and
the uniformity of film thickness. However, in the proposed
susceptor, since the water arranging parts are changed at the
time ol the epitaxial growth process or every time of the
process, 1t takes a lot of time to change the parts and the
mounting of watfers, resulting in lower productivity.

SUMMARY OF THE PRESENT INVENTION

This mvention has been achieved in the light of the
above-mentioned problems, and 1t 1s an object of the present
invention to provide a barrel type susceptor in which the film
thickness 1s more uniform within the wafer and batch and the
productivity 1s increased without reducing the number of
stages for mounting the wafler and without needing to
change the mounting of wafers at the time of an epitaxial
growth process or every time of the process, even when the
high quality articles are produced.

In order to achieve the above mentioned object, according,
to a first aspect of the present invention, there 1s provided a
barrel type susceptor used in a semiconductor epitaxial
growth, the susceptor being a substantially truncated petro-
sal shape, the susceptor comprising;

a top plate;

a bottom plate, an area of the bottom plate being larger
than an area of the top plate; and

a side plate which connects the top plate to the bottom
plate,

wherein the side plate 1s partitioned into at least two
partitions 1n a vertical direction of the susceptor,

a concaved portion on which a walfer 1s mounted 1s
provided on each partition of the side plate,

inclined angles defined between each partition of the side
plate and a vertical section which passes through a center of
an edge 1n the bottom surface are decreased gradually from
a top plate side to a bottom plate side, and

angles defined between each bottom surface of the con-
caved portions and the vertical section are decreased gradu-
ally from the top plate side to the bottom plate side.

According to a second aspect of the present invention as
set forth 1n the first aspect of the present invention, it 1s
preferable that the susceptor 1s hollow and a substantially
truncated polygonal petrosal shape, and

the susceptor 1s formed by cutting out of a single matenal.

According to a third aspect of the present invention as set
forth 1n the first aspect of the present invention, it 15 more
preferable that the susceptor is hollow and substantially
truncated cone shape, and

the susceptor 1s formed by cutting out of a single matenal.

According to a fourth aspect of the present invention as
set forth i1n the first aspect of the present invention, 1t 1s
turther preferable that the susceptor 1s hollow and a sub-
stantially truncated polygonal petrosal shape, and

the concaved portion of the susceptor 1s formed by
combining tlat plates.
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According to a fifth aspect of the present invention as set
forth 1n the first aspect of the present invention, it 1s
preferable that the side plate 1s partitioned into three parti-
tions which are an upper side partition having a first inclined
angle Oa, an itermediate partition having a second inclined
angle Ob and a lower side partition having a third inclined
angle Oc,

the inclined angles Oa, Ob and Oc satisty below relations:

0<0h=5°;
056<0a<0b+5°; and

0=0c<0b.

In the barrel type susceptor according to the present
invention, the film thickness 1s more uniform within the
waler and batch and the productivity 1s increased without
reducing the number of stages for mounting the wafer and
without needing to change the mounting of wafers at the
time of the epitaxial growth process or every time of the
process, even when the high quality articles are produced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a barrel type susceptor
according to one embodiment of the present invention;

FIG. 2 1s a longitudinal cross-sectional view of the barrel
type susceptor according to the embodiment of the present
invention;

FIG. 3 1s a conceptual view of an epitaxial apparatus
employing the barrel type susceptor according to the
embodiment of the present invention;

FIG. 4 1s a perspective view ol a barrel type susceptor
according to another embodiment of the present invention;

FIG. 5 1s a longitudinal cross-sectional view of the barrel
type susceptor as shown 1 FIG. 4;

FIG. 6 1s a chart showing the film thickness measurement
results of an epitaxial test employing the barrel type sus-
ceptor according to the present invention;

FI1G. 7 1s a chart showing the film thickness measurement
results of an epitaxial test employing a conventional barrel
type susceptor;

FIG. 8 1s a perspective view of the conventional barrel
type susceptor; and

FIG. 9 1s a conceptual view ol an epitaxial apparatus
employing the conventional barrel type susceptor.

(Ll

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

A first embodiment of a barrel type susceptor according to
the present invention will be described below with reference

to the accompanying drawings.

FIG. 1 1s a perspective view of the barrel type susceptor
according to the present invention, and FIG. 2 1s a longitu-
dinal cross-sectional view of the barrel type susceptor.

The barrel type susceptor 1 of the present invention 1s
employed in the semiconductor epitaxial growth, and has a
susceptor main body 2 having a shape of a hollow truncated
octagonal cone, and formed with a plurality of stages
slightly inclined on the truncated octagonal cone, an octago-
nal top plate 3 provided on the top of the susceptor main
body 2 so as to suspend the susceptor main body 2, and an
octagonal bottom plate 4 having an octagonal shape larger
than the top plate 3 and provided on the bottom to shield a
gas flow, as shown 1n FIGS. 1 and 2.
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The susceptor main body 2 1s cut out of special carbon
structural material into a hollow truncated octagonal conical
shape and formed with a S1C film on its surface. Eight planar
face plates 5 formed along a circumierential direction of the
susceptor main body 2 having the shape of a truncated
octagonal cone are partitioned 1nto two or more portions, for
example, three portions of an upper stage 5a, a middle stage
5b and a lower stage Sc having a different inclination angle,
in its longitudinal direction. FIG. 2 shows how each parti-
tioned portion of a planar face plate forms an inclined angle
with a vertical plane passing through the susceptor and
perpendicular to the top and bottom plates, wherein said
angles are decreased gradually from the top plate to the
bottom plate. A waler mounting concave portion 1s provided
on a face plate Sa, of the upper stage 5a, and inclined so that
the inclination angle with a concave portion bottom face of
the waler mounting concave portion may be Oa. A waler
mounting concave portion 1s provided on a face plate 55, of
the middle stage 5b, and inclined so that the inclination
angle made with a concave portion bottom face of the wafer
mounting concave portion may be Ob smaller than Oa. A
waler mounting concave portion 1s provided on a face plate
5c, ot the lower stage 5¢, and inclined so that the inclination
angle made with a concave portion bottom face of the water
mounting concave portion may be 0c which 1s smaller than
Ob. Three kinds of inclination angles are formed on the
concave portion bottom face, in which the inclination angle
1s gradually decreased on each stage from a top side to a
bottom side. FIG. 2 shows how each bottom face of each
waler mounting concaved portion also forms an angle with
the vertical plane, wherein the angles of the bottom faces are
decreased gradually from the top plate to the bottom plate.

On each stage 5a, 3b and 3¢, one waler mounting concave
portion 6a, 66 and 6¢ on which the water 1s laid 1s provided.

When the barrel type susceptor 1 1s employed, it 1s
preferable that the inclination angle 0Ob 1s 0°<0b=3°, the
inclination angle Oa 1s Ob<0a<0b+5°, and the inclination
angle Oc 1s 0°=0c<0b, so that the distance between the
middle stage 56 and chamber may be partially narrower.
When the number of stages provided on the face plate 1s
three, four or five, three or more kinds of inclination angle
exist.

To produce an epitaxial waler employing the barrel type
susceptor as described above, an epitaxial apparatus S0 1s
used as shown in FIG. 3.

This epitaxial apparatus 50 has the barrel type susceptor
1, provided with the wafer mounting concave portions 64,
65 and 6¢ on which a plurality of waters W are laid, 1n which
the barrel type susceptor 1s supported rotatably around a
rotation axis 32 within a quartz verger 51. The quartz verger
51 has a gas inlet 53 for mtroducing an epitaxial gas at an
upper portion and a gas outlet 54 for exhausting the gas at
a lower portion. The epitaxial gas introduced through the gas
inlet 53 1s employed for epitaxial growth of water W, and
exhausted from the gas outlet 54. Flows of source gas such
as S1Cl,, carrier gas such as H, and dopant gas such as pH3
are 1ndicated by arrows A, B and C.

An 1nfrared radiation heater 56 having a resistive radia-
tion heater or a reflecting mirror 35 1s disposed around the
quartz verger 51. In an epitaxial growth process using this
epitaxial apparatus 30, the flow of an epitaxial gas 1is
indicated by the arrow B which flows between the quartz
verger 531 and the susceptor main body 2 being rotated
around the rotation axis 52 within the quartz verger 51. Eight
planar face plates 5 of the susceptor main body 2 are formed
with three inclination angles on the upper stage 5a, the
middle stage 56 and the lower stage 5¢, so that the inclina-
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tion angle 1s gradually decreased on each stage from the top
side to the bottom side. Since, the distance between the
middle stage 5b of the barrel type susceptor 1 and the quartz
verger 51 1s partially narrower, and the sectional area S of a
gap between the barrel type susceptor 1 and the quartz
verger 31 1s made smaller, flow rate 1n this portion becomes
taster. Accordingly, the uniform film thickness portion 1is
obtained without making worse the uniformity of the resis-
tivity.

Also, even when the high quality articles are produced,
the epitaxial waler can be manufactured without reducing,
the number of stages for mounting the water. Moreover, at
the time of epitaxial growth process, or every time of the
process, since 1t 1s not required to change the mounting of
walers, the productivity can be improved. Furthermore,
because three kinds of inclination angle are formed on the
bottom face of the water mounting concave portion 1n such
a manner that the inclination angle 1s gradually decreased on
cach stage from the top to the bottom, the more umiform film
thickness 1s obtained.

A second embodiment of the barrel type susceptor accord-
ing to the present invention will be described below.

In the first embodiment, the susceptor main body has the
shape of a hollow truncated octagonal cone, and eight planar
face plates forming the truncated octagonal cone are parti-
tioned into three stages, the waler mounting concave por-
tions being provided on each stage. Contrary to the first
embodiment of the present invention, 1n the second embodi-
ment, the susceptor main body has a shape of a hollow
truncated cone, the face plate being partitioned into three
stages, and a plurality of waler mounting concave portions
aligned 1n circular arc rows on each stage.

For example, the barrel type susceptor 11 of the second
embodiment comprises a susceptor main body having a
hollow truncated conical shape close to a truncated hanging,
bell shape, a face plate 15 on its surface being formed of a
series of circular arcs having different radiuses of curvature,
and partitioned into three stages, including an upper stage
15a, a middle stage 155 and a lower stage 15¢, as shown 1n
FIGS. 4 and 5. Moreover, a mounting bottom face 15 1is
provided with one waler mounting concave portion 16a,
1656, 16¢ for each row, plural rows of them being provided
in a circumierential direction.

As 1n the first embodiment, a bottom face 6a, of the water
mounting concave portion 16a has an inclination angle Oa
made with the vertical axis, a bottom face 65, of the water
mounting concave portion 165 has an inclination angle 0Ob,
and a bottom face 6¢, of the waler mounting concave portion
16¢ has an inclination angle Oc. Three kinds of inclination
angle are formed on the bottom face of the waler mounting
concave portion, so that the inclination angle 1s gradually
decreased on each stages from the top to bottom.

Accordingly, the susceptor main body 11 1s formed of
smooth continuous circular arcs without having any ridge-
line 1n the circumierential direction, although eight planar
face plates forming the truncated octagonal cone have the
ridge line formed therebetween in the first embodiment. The
other constitution 1s substantially the same as the barrel type
susceptor as shown 1n FIG. 1. The same parts are designated
by the same reference numbers and not described here.

According to the above described embodiments of the
present invention, the sectional area of a gap between the
barrel type susceptor and the quartz verger 1s partially made
smaller, the flow rate 1n thus portion becomes faster. Accord-
ingly, the uniform film thickness portion i1s obtained without
making worse the umiformity of the resistivity. Also, when
the high quality articles are produced, the epitaxial water can
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be manufactured without reducing the number of stages for
mounting the wafter. Moreover, at the time of the epitaxial
growth process, or every time of the process, it 1s not
required to change the position of the waters, thereby
improving the productivity.

Also, the epitaxial gas flowing along the susceptor main
body 1s maintained in laminar flow without being disor-

dered, whereby the more uniform film thickness portion 1s
obtained.

EXAMPLES

Heremnafiter, the present invention will be described with
an example of the embodiment according to the present
invention and a conventional example.

Object: The barrel type susceptor of the present invention
as shown in FIG. 1 1s incorporated into the epitaxial appa-
ratus as shown 1 FIG. 3. Employing this apparatus, the
epitaxial waler was manufactured, and the film thickness
was measured, and compared with the conventional
example.

Method: The barrel type susceptor having the shape of a
truncated octagonal cone, provided with the waler mounting
concave portions 6a, 66 and 6c having the inclination angles
with the values as shown 1n Table 1 1s contained within the
cylindrical quartz verger 31, as shown i FIG. 3. This
susceptor 1 1s rotated around the longitudinal axis, and the
waler W 1s laid to the water mounting concave portions 6a,
66 and 6¢ formed on the face plate 5. The susceptor 1 and
the water W are heated by an infrared radiation heater 56,
and an epitaxial gas was flowed from the gas inlet 53
provided at an upper end of the quartz verger 51 to 1ts lower
end, and exhausted from the gas outlet 54. Thereby, the
epitaxial waler as an embodiment example was manufac-
tured.

Also, a conventional epitaxial waler was manufactured,
employing the conventional barrel type susceptor having
inclination angle 0d with values as shown 1n Table 1 1n the
same way as above.

TABLE 1

Inclined angle
of the susceptor (°)

Oa Ob Oc 0d

Embodiment example 2.9 1.9 0.9

Conventional example 1.9

Result (1): The result 1s shown in FIGS. 6 and 7.

It can be found that the uniform film thickness distribution
1s obtained within the water face and the batch in the
embodiment example, as shown 1n FIG. 6.

On the contrary, in the conventional example, the film
thickness 1s larger on the uppermost stage and the lowermost
stage, and smaller on the middle stage. It could be found that
the uniform film thickness distribution was not obtained
within the water face and the batch, as shown in FIG. 7.

(2) The dispersion rate was calculated employing the film
thickness value obtained from the above result (1) 1n accor-

dance with a dispersion rate calculation expression as
described below.

Dispersion (% )=(Max-Min)/(Max+Min)x100 [Formula 1]

Whereas the Max means maximum film thickness, and
the Min means mimimum film thickness.
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TABLE 2

Film thickness dispersion (%)

Inside water Inside batch

Embodiment example +0.9 +2.0
Conventional example +1.4 +3.0

As will be apparent from Table 2, 1n the embodiment
example, the dispersion rate within the wafer 1s as small as
+0.9%, while 1n the conventional example, the dispersion
rate 1s £1.4%. The dispersion rate of the conventional
example increased 55% over the embodiment example, that
1s, the watfer according to the conventional example 1s less
uniform than the embodiment example. Also, in the embodi-
ment example, the dispersion rate within the batch 1s £2.0%,
while 1n the conventional example the dispersion rate 1s
+3.0%, and increased 50% over the example, less uniform.

Therefore, according to the susceptor ol present inven-
tion, 1t can achieve to provide a waler having uniform
thickness.

Note that an arrangement of the concaved portions on
which the wafer 1s mounted can be changed in accordance
with a required number of walers, a temperature distribution
in the verger, a flow rate distribution in the verger or the like.

While there has been described in connection with the
preferred embodiments of the present invention, 1t will be
obvious to those skilled 1n the art that various changes and
modification may be made therein without departing from
the present invention, and 1t 1s aimed, therefore, to cover in
the appended claim all such changes and modifications as
tall within the true spirit and scope of the present invention.

What 1s claimed 1s:

1. A barrel type susceptor used 1n a semiconductor epi-
taxial growth, the susceptor being a truncated shape,
wherein the shape 1s that of a substantially pyramid or cone
shape, the truncated shape of the susceptor comprising;:

a top plate;

a bottom plate, an area of the bottom plate being larger

than an area of the top plate; and

a side plate which connects the top plate to the bottom

plate,

wherein the side plate 1s partitioned into at least two

partition areas 1n a vertical direction of the susceptor,
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a concaved portion for mounting a wafer located 1n each
partition area of the side plate, wherein each concaved
portion comprises a bottom surface,

cach partition area of a side plate forms an inclined angle
with a vertical plane passing through the susceptor and
perpendicular to the top and bottom plates, wherein
said angles are decreased gradually from the top plate
to the bottom plate, and

wherein each bottom surface of each concaved portion
also forms an angle with said vertical plane, wherein
said angles of the bottom surfaces are decreased gradu-
ally from the top plate to the bottom plate.

2. A barrel type susceptor as set forth 1n claim 1, wherein
the susceptor 1s hollow and, wherein the shape of the
susceptor 1s that of a substantially polygonal pyramidal
shape.

3. A barrel type susceptor as set forth in claim 1, wherein
the susceptor 1s hollow and, wherein the shape of the
susceptor 1s that of a substantially cone shape.

4. A barrel type susceptor as set forth in claim 2, wherein
the concaved portion of the susceptor 1s formed by combin-
ing flat plates.

5. A barrel type susceptor as set forth in claim 1, wherein
the side plate 1s partitioned into three partition areas which
comprise an upper side partition area having a first inclined
angle Oa, an intermediate partition area having a second
inclined angle 8b and a lower side partition area having a
third inclined angle Oc.

6. A barrel type susceptor as set forth in claim 2, wherein
the susceptor 1s formed by a cut out of a single material.

7. A barrel type susceptor as set forth in claim 2, wherein
the shape 1s that of a substantially octagonal pyramidal
shape.

8. A barrel type susceptor as set forth in claim 3, wherein
the susceptor 1s formed by a cut out of a single material.

9. A barrel type susceptor as set forth in claim 5, wherein
the inclined angles Oa, Ob and Oc satisty relations provided
below:

0<0bH=5°;
05 <0a<0bh+5°; and

0=0c<0b.
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